Abstract: The effect of a concentrated, depotassified beet vinasse (desugared beet molasses) on both germination (in l'itro and in soil) and seedling development (in soil) of ryegrass Lolium multiflorum has been studied. Germination and root elongation of the ryegrass in vitro were more negatively affected by vinasse (concentration of 0·15 and 0·5 % w) than those of cress (Lepidium sativum). Seedling emergence of ryegrass in pots sown in three different soils (a moderately acid, sandy loam soil, without CaCO,,; a red, sandy clay loam soil, 12 % CaCO,,; and a light yellowish-brown sandy clay loam soil, 30 % CaCO:) was, in general, not affected by the application of a moderate dose of pure vinasse ( ~ 3 t ha-I ) at sowing or 30 days before. Only in the acid soil was seedling emergence significantly (P < 0'05) limited during the first week. The application of vinasse at sowing caused an initial significant shortening (P < 0'05) of the primary roots of ryegrass in the three soils studied (measured at the fourth day). However, plant fresh weights (measured at the thirtieth day) were not affected by this treatment, especially in the calcareous soils. In general, the vinasse application produced beneficial results for ryegrass seedling in the three soils.
INTRODUCTION
Beet vi nas ses are beet molasses that are almost completely biochemically desugared (and, sometimes, subsequently concentrated and depotassified), and the use of which as fertilizer is being studied at present in many countries. Beneficial effects of beet vinasses on soil and crops have been reported (Debruck and Lewicki 1985; López el al 1990) , although information is still scarce. On the other hand, Cabrera el al. (1987) found an appreciable increase in soil salinity as consequence of vinasse application. application to soils (at rates of 2,5-3 t ha-1 for grain, 4--5 t ha-1 for root crops (Debruck and Lewicki 1985) ) should be made at least 1 month befo re sowing (CuadrosGarcía 1989) , which could allow possible nutrient losses by leaching.
Vinasses certainly contain a large amount of salt (up to 14 % of total salt, 2-3 % Cl-, 3--4 % SO! in concentrated, depotassified beet vinasses) which, in theory, could be harmful for germination and seedling growth of plant species less tolerant to salt. Thus, their * To whom correspondence should be addressed.
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The moderate doses of vinasse previously mentioned do not result in excessive salt loading when applied to soils. If the seeds of many plants could tolerate the presence of this amount of salt, the vinasse could be applied at sowing, with the consequent partial saving of nutrients. The relatively large content of N ( -30 g kg-1 mostly in aminic N form) and K (30--40 g kg-1 ) in concentrated, depotassified vinasses, and presence of Ca in soils could be beneficial factors for the application at sowmg.
The present paper deals with the effect of a concentrated beet vinasse on germination of ryegrass in vilro and on the seedling performance in pot trials using soils with different levels of calcium. Table 1 shows so me characteristics of the concentrated, depotassified vinasse used in these experiments (available for sale from Ebro-Agrícolas SA, Seville, Spain).
EXPERIMENT AL

Germinadon in vitro
ln-vitro bíoassay was performed according to Zueco ni el al (1985) , wíth water containing 0·15 and 0·5% (w) of raw vinasse. Volumes of 1 mI of vinasse solutions were added to Petrí dishes (5-5 cm diameter) lined with filter paper and containing five seeds of ryegrass (Lolium multiflorum Lam cv Barwoltra), thereby adding of 1·89 and 6· 30 mg of vinasse per dish. Electrical conductivitíes (EC) of vinasse soIutions were -0-90 dS mI and 3-10 dS m ·1 for the 0·15 and O-5 % solutions, respecti vely. A control was prepared in the same way but adding 1 mI of deionised water. A randomised complete block design with 20 replica tes was used. Seeds were incubated at 22°C in the dark. As a reference (lnternational Seed Testing Association (1ST A) 1985) the same procedure was followed with cress (Lepidium sativum L). Numbers 
Germination in pots
Germination of ryegrass was studied in pots using the surface horizon of three different soils of south-west Spain: a moderately acid, sandy loam soil. a red and light yellowish-brown sandy cIay loam soil (Soil Survey Staff 1951), which will be called acid, red and calcareous soils, respectively, throughout this paper. Table 2 shows some characteristics of the soils. Before preparing the tests, the soíls were air-dried and ground to pass a 2 mm sieve to make the particle size uniformo Small pots of -300 g of dry soil were used and an agricultural dose 01' vinasse roughly equivalent to 3 t ha-1 ( ' " 990 mg per pot) was applied in the surface of each soil at sowing (treatment Yo) and 30 days before (treatment V ao ). Controls (C) wcre prepared without addition of vinasse. Randomised, complete block designs with 10 replicates per treatment and 10 seeds per pot were prepared for each soil, monitoring seedling emergen ce during 20 days. At the end of this period, shoot fresh weights were obtained for each soil and treatment.
A parallel assay was prepared in a similar way (10 replicates per treatment and soil with 10 seeds per pot) in order to measure the sheath, shoot and root lengths 4 days after sowing. The root system was obtained by completely crumbling each soil in water, and immediately measuring the complete primary rooL EC was measured in the upper 1 cm layer of the soil at sowing (four measurements in each pot of each treatment). Throughout the assay, temperature during the 12-h day (maximum photon flux density of 500 10,uE m 2 s-1) ranged from 20 to 25°C and during the 12-h night from 15 to lO°e.
When data were subjected to an analysis of variance the mean separation was performed by the Tukey test. A significant level of P < 0·05 was used throughout the study.
RESULTS AND DISCUSSION
Results in vitro Table 3 shows sorne results of the in-vitro germination and root growth 01' cress and ryegrass, according to the test of Zucconi et al. (1985) . Cress is a recommended species for germination microtests beca use of its excelIent characteristics as an indicator plant for phytotoxic substances.
It is interesting to note that germination and root elongation of cress seem to be les s affected than those of ryegrass by vinasse, as demonstrated by the GI values. .... The reduction of these values is more pronounced in ryegrass because of the more significant reduction of the root length values as the concentratíon of vinasse is íncreased. In contrast, Cabrera el al (1990) , reported the opposíte effect when using another organic residue of a low salt content (compost derived from olive vegetatíon water residues). Ryegrass cv Barwoltra can thus be regarded as a cultivar reasonably sensitive to vinasse presence, as shown by the shortening of root lengths in vitro_ Although Lolium has been described as a reasonably salttolerant genus, one ofthe most tolerant species of Lolium (L perenne) has shown a considerable sensitivity to saline conditions during early growth (Harivandi el al 1982; Pérez el al 1986) . Symptoms of toxicity are more pronounced at an early stage of root growth (ISTA 1985) , and can certainly cause a shortening of the roots, even at low concentrations (Zucconi el al 1985) . 
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Results of pots experiments
When moderate amounts of vinasse are applied to soils there is not a significant reduction in the number of emerged seedlings, compared with control s in spite of a likely shortening of root growth. Figure 1 shows that the germination percentages of ryegrass in the treated soils are similar to those of the control s when a moderate dose of vinasse (0'7 mI per pot, ~ 3 t ha-
is applied at sowing (V o) or a month before (V 30) ' The application of vinasse at sowing (V o) initiaIly causes a significant reduction (P < 0'05) of percentage shoot emergence in the acid soil (days 4 to 7). After the first week, this effect disappears. No effect is observed in the red soil. The calcareous soil shows a small and increasing effect of vinasse. Table 4 shows that EC values of surface soils at sowing are larger after treatment V o than after Val)" Also, it J M Murillo, F Cabrera, R López can be observed that EC values for the acid soil in both treatments are smaller than those for the red and calcareous soils. It seems that a conductivity of ~ 1·30 dS m-1 in the acid soil is detrimental for emergence of ryegrass (Fig 1) . However, the same figure shows that larger values of EC (1,95 and 1·70 dS m-1 for red and calcareous soils, respectively) do not affect emergence of ryegrass at all. Table 4 shows that the application of vinasse before sowing (V 30) causes a comparatively smaller increase of EC in the top of the acid soil than in the red and calcareous soils. This could explain, at least in part, why seedling emergence in treatment V: lO is only slightly affected in the acid soil, by comparison with the red and caIcareous soils (Fig 1) .
In general, the presence of soil allows seeds to tolerate higher salt concentrations than those in in-vitro conditions. An EC of ~ 0·9 dS m-1 (vinasse concentration of 0·15 %) reduces germination of ryegrass in l'itro to ~ 20% 96 h after 'sowing' (Table 3) . However, Fig I shows that in the red and calcareous soils, an EC of ~ ],95 and ],70 dS m-1 (pure vinasse, Table 4 ), does not affect the seedling emergence of ryegrass. In the acid soil an EC greater than ],0 dS m 1 (Table 4 ) is necessary to limit seedling emergence significantly ( ~ 50 %, 4 days after sowing) (Fig 1) .
These results are corroborated by data in Table 5 , which summarises a parallel study carried out to check the effect ofvinasse on a root length, 4 days after sowing, in the three soils assayed. As expected, when vinasse is applied at sowing (V o )' germination percentages do not differ significantly in the red and calcareous soils but they are significan tI y smaller (P < 0'05) in the acid soil (~50%). However, root length is negatively affected in all three soils as a consequence of the vinasse application at sowing. As shown in Table 4 , this treatment (V o ) produces significantly larger (P < 0'05) conductÍvities in the three soils studied. As expected, values of GI are smaller when vinasse is applied at sowing (V o ) especiaJly in the acid soil, where both root length and germination percentages are smaller than those of the controL On the other hand. data in Table 5 seems to indicate that when vinasse is applied to the acid soil at sowing (V o )' the early growth ofthe above-ground parts (sheaths and whole tops) is limited to a greater extent than that of the roots. Therefore, the root to shoot ratio in the acid soil is significantly larger and the sheath size significantly smaller than of those in the control treatment (C).
However, when plantlets are arranged into different sizes it can be seen ( Table 6 ) that root to shoot ratio is only affected in the less developed plantlets (shoots from O to lO mm) and without statistically significant differences between treatments. Plants at a more advanced stage of development (shoots ranging from 10 to 20 and 20 to 30 mm) show, in general, a similar trend in the three soils. The shortening of roots (primary roots) is the most important feature that can be observed when vinasse has been applied at sowing (treatment Vol.
However, this does not seem to limit further performance of the plantlets. It can be seen in Table 5 that the mean fresh plant weights at the thirtieth day are not restricted but rather increased by the application of vmasse.
Further results obtained with ryegrass cv Barwoltra, sunflower, sorghum and other plants grown in a greenhouse (in preparatíon) seem to confirm the idea that the application of moderate amounts of vinasse at sowing does not cause any detrimental effect on germination, seedling emergen ce or biomass production of most plants, at least in soils well provided with calcium.
As pointed out by Powlson el al. (1989) , Hansen (1989) and other authors, leakage of nitrate to aquifers over the winler period is an almost inevitable result of applying organic manures and wastes to autumn-sown crops. However, this leakage could be reduced by applying small amounts and avoiding application too [ar in advance of sowing, especially if the product is a readily decomposable waste, such as vinasse. First results obtaíned in vínasse mineralísation experíments, being run at present with one sandy soil and with the light yellowish-brown sandy clay loam soiJ used in this work, show thal in one month, ~ 40 and 30 %, respectively, of the total organic N of the vinasse was transformed (López, R, unpublished) .
